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CARBON DIOXIDE CONCENTRATION SYSTEM 
by 
A. D.  Babinsky and D. L. DeRespiris 
ABSTRACT 
The work completed under contract  NAS 3-7638 during the second four-month 
period of the contract  i s  reported. 
P la t ing  of components f o r  the Stage I and Stage I1 c e l l s  w a s  completed. 
Design and fabr ica t ion  of the Stage I11 c e l l  w a s  completed. This c e l l ,  
designed f o r  use w i t h  an acid e lec t ro ly te ,  consis ts  of PWC c e l l  end p l a t e s  
with gold plated copper current col lector  gr id  i n s e r t s .  The end p l a t e s  a r e  
clamped together by two magnesium pressure back-up p la tes .  
Numerous changes and modifications were made i n  the t e s t  r i g  t o  achieve the 
desired control  of c e l l  operating parameters and t o  obtain the required 
experimental data. 
A continuing tes t  program on a s m a l l  Stage I11 acid c e l l  w a s  conducted with 
a gold plated magnesium t e s t  c e l l .  These t e s t s  were conducted t o  examine the 
acid c e l l  po lar iza t ion  time-dependence and continue the materials compati- 
b i l i t y  study. 
Parametric t e s t i n g  of the Stage I c e l l  w a s  completed. The e f f e c t  of c e l l  
temperature, c e l l  current densi ty  and cathode gas flow r a t e  on c e l l  p o t e n t i a l  
w a s  determined. C e l l  temperature was varied from 90 F t o  140 F, c e l l  current 
dens i ty  from 15  amps/ft 
metric C02 flow t o  f i v e  times stoichiometric COP flow. 
0 0 
2 2 t o  46.5 amps/ft , and cathode gas flow from stoichio-  
Assembly of a Stage I1 c e l l  has been completed and pressure checked. Para- 
metric t e s t i n g  of the Stage I1 c e l l  and assembly of the PVDC Stage I11 c e l l  
a r e  i n  progress a t  t h i s  writ ing.  
ii 
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CARBON DIOXIDE CONCEN'ITATION SYSTEM 
by 
A. D. Babinsky and D. L. DeRespiris 
SUMMARY 
Pla t ing  of components for two Stage I and two Stage I1 c e l l s  w a s  completed. 
A Stage I11 c e l l  was designed and fabricat ion of components was' completed. 
The c e l l  consis ts  of W D C  c e l l  end p la tes ,  gold plated copper current col-  
l e c t o r s ,  and magnesium clamping p l a t e s  f o r  maintaining an equal pressure 
d i s t r i b u t i o n  across the c e l l  electrode-matrix in te r face .  
To provide proper control  of c e l l  operating parameters and t o  obtain desired 
t e s t  data, numerous test  r i g  modifications were completed. Major changes 
w e r e ;  addi t ion of another vacuum pump t o  increase flow capacity, provision 
of condensers i n  a l l  gas o u t l e t  l ines ,  addi t ional  heater  capacity i n  the 
Stage I humidifier, and provision f o r  operation of t h e  gas analysis  equipment 
a t  ambient pressure. 
Two t e s t s  (M-1 and M-2) were completed on a s m a l l  gold plated Stage I11 
t e s t  c e l l .  These tests a re  p a r t  of a continuing program on the acid stage 
c e l l .  The object of these t e s t s  i s  t o  examine the  acid stage polar izat ion 
IrluIc ucpcrlucLILc a6 mtcr:z1s ccz~atibility. 
the  r a t e  of voltage increase over the las t  27 hours w a s  approximately 0.75 
mv/hr, w i t h  the  rate decreasimg t o  0.62 mv/hr f o r  the  last  e ight  hours. 
M-2, a 194 hour run, used an 80% 02, 20% COP feed f o r  the f i rs t  26 hours and 
pure 0 f o r  the  balance of t h e  run. During the  s ixty-f ive hour period from 
77 hours a t  load t o  142 hours a t  load, the average r a t e  of voltage increase 
w a s  0.15 mv/hr while from tha t  point  t o  the  end of the t es t  the  terminal 
voltage decreased. Additional t e s t s  were i n i t i a t e d  and a r e  underway a t  t h i s  
wr i t ing  . 
c - r .  d-- - -d**--  ~ 1 ~ r i n g  t e s t  M - 1 7  a 58 hoiir rim; 
Test 
2 
Parametric t e s t i n g  of the Stage I c e l l  w a s  completed. The duration of each 
t e s t  at, the  various operating conditions w a s  approximately four hours. Tne 
c e l l  w a s  operated a t  90 , 1 1 5 O ,  and 140°F f o r  three current d e n s i t i e s  a t  each 0 
1 
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temperature, 15, 30, and 45 ASF. The one exception being that 30 ASF was the 
upper limit at the 90 F cell temperature. For these runs the cathode gas 
flow rate was held at two times stoichiometric CO at the operating cell 
current. One run was made at a cathode flow of five times stoichiometric 
COP flow. 
flow. Cell performance is summarized below. 
0 
? 
Additional short term runs were made at stoichiometric CO cathode 
? 
Stage I Cell Operating Potential 
2 x S Flow 
I - 15 ASF 
I - 30 ASF 
I - 45 ASF 
5 x S Flow 
I 30 ASF 
1 x S Flow 
I - 30 ASF 
s- 90°F - 116'~ 
1.22 1.10 
1.53 1.30 
-- 1.52 
1.40 
1.22 
- 140°F 
0.93 
1.13 
1.25 
-- 
1.08 
Assembly of the Stage I1 cell has been completed and the cell has been shown 
to be sealed satisfactorily internally and externally. Installation of the 
cell into the test rig is in progress as is the assembly of the Stage I11 
W D C  cell. 
2 
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1.0 INTRODUCTION 
This i s  an Interim Report covering the second four months of work carr ied out 
a t  TRW Equipment Laboratories under Contract NAS 3-7638. 
t h i s  contract  i s  t o  obtain parametric t e s t  da ta  and l i f e  t e s t  da ta  on e lec t ro-  
chemical carbon dioxide concentration c e l l s  used i n  a carbon dioxide concen- 
t r a t i o n  system developed by TRW. The c e l l s  a re  large i n  s i z e  so t h a t  no pro- 
blems of "scale-up" w i l l  be encountered i n  the design of a prototype system 
using the c e l l  t e s t  data .  
The objective of 
During the f i rs t  four months of the program,work accomplished included: 
1. Preliminary system design 
2. Detailed c e l l  design 
3. Test r i g  design 
4. Cel l  fabr ica t ion  
5. 
6 .  
7 .  Small c e l l  t e s t i n g  
Test r i g  assembly and checkout 
Acid c e l l  mater ia ls  screening and t e s t  program 
Photographs of unplated c e l l  components were included i n  Interim Report No. 1. 
Figure 1-1 shows two pieces of c e l l  hardware a f t e r  the  completion of the 
p l a t i n g  process including the t h i n  e lec t ro less  gold layer .  
cathode end p l a t e  shown has the rectangular shaped, undercut, l ightening holes. 
This c o ~ f i g u r a t i o n  provides a 20$ 
time associated with the process i s  too high. 
have t h e  round d r i l l e d  l ightening holes as shown i n  Interim Report No. 1. 
The Stage I 
l igh ter  weight piece,  but the machining 
Thus a l l  other end p l a t e s  
During the  last report ing period, the major e f f o r t  w a s  i n  es tabl ishing s u i t -  
ab le  test  r i g  operation, and subsequently, the parametric t e s t i n g  of the 
Stage I c e l l .  Additional e f f o r t  on small c e l l  t e s t i n g  a l s o  was  expended. 
Assembly of the Stage I11 c e l l  w a s  completed and the Stage I11 PVDC c e l l  
assembly i s  i n  progress. 
Test  r e s u l t s  obtained t o  date  with the Stage I c e l l  a r e  i n  a l l  cases b e t t e r  
than t h e  r e s u l t s  achieved with s m a l l  p l a s t i c  c e l l s  i n  p a s t  T R W  programs. 
3 
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2.0 TEST R I G  CHECKOUT AND MODIFICATION 
Upon completion of the tes t  stand, a funct ional  checkout w a s  i n i t i a t e d .  
Control of the three thermal enclosures w a s  maintained t o  within l e s s  than 
1°F of the selected temperature (up t o  1 6 O O F ) .  
cont ro l  of i n l e t  gases was  sat isfactory,  maintaining a prese t  humidifier 
tank temperature t o  within 1 F of the s e t  point  temperature a t  ra ted  gas 
flows. Testing of the Stage I humidifier indicated a need f o r :  
The Stage I1 and I11 humidity 
0 
1. Additional vacuum pump capacity t o  give the desired a i r  
flow r a t e  a t  10.0 ps ia .  
i n s t a l l e d  i n  p a r a l l e l  w i t h  the o r i g i n a l  pump.) 
( A  second vacuum pump was  
2. A higher capacity heater  i n  the humidifier tank. (The 
o r i g i n a l  heater  was converted t o  a 440 v o l t  heater,  
approximately doubling the power output. ) 
3. A condenser t o  remove water from the a i r  stream before it 
entered the vacuum pumps. (A gas-liquid heat exchanger 
with provision f o r  condensate dra in  i n  the a i r  side w a s  
i n s t a l l e d  between the c e l l  and the vacuum pumps.) 
The dew point  temperature of gas out of the humidifier w a s  checked with a 
Foxboro Dew Point Analyzer, correlat ing t o  within 2'F of the tank temperature. 
A check a l s o  was  made on the amount of water removed from the  condenser t o  
check t h e  accuracy of the Foxboro data. 
During the  f i r s t  t e s t  runs with the Stage I large c e l l ,  a number of d i f f i -  
c u l t i e s  i n  operation of the test  r i g  were encountered. The d i f f i c u l t i e s  
and cor rec t ive  measures taken were as follows: 
1. The pressure drop across the sparger p l a t e  i n  the humidifier 
gradually increased with operating time u n t i l  it w a s  impossible 
t o  achieve s igni f icant  flow of a i r  through the humidifier and 
c e l l .  Due t o  the passage of carbon dioxide i n  the i n l e t  a i r  
through the hot  tap  water, a carbonate type of deposit  w a s  
forming i n  the sparger p la te .  The humidifier was removed 
from the r i g  and cleaned with acid and water t o  remove the 
t 
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deposit .  
d i s t i l l e d  water feed system was i n s t a l l e d  t o  avoid f u r t h e r  
formation of water insoluble deposits.  
After  r e i n s t a l l a t i o n  of the  humidifier tank a 
2 .  
3. 
4. 
5. 
6 .  
7. 
Set t ing  air  flow r a t e  and c e l l  operating pressure was 
d i f f i c u l t  and t i m e  consuming. Tr im by-pass valves were 
i n s t a l l e d  i n  p a r a l l e l  with the flow control  valve and 
back pressure regulator  valve. 
Additional capacity i n  condensate storage w a s  required. 
Two p a r a l l e l  storage b o t t l e s  with shut-off valves were 
i n s t a l l e d .  
Water w a s  condensing i n  the  anode gas sample o u t l e t  l i n e  
and the dew point  sample o u t l e t  l i n e .  Condensers and 
co l lec tor  b o t t l e s  were ins ta l led  i n  these l i n e s  t o  re -  
move unwanted condensation i n  tes t  sample l i n e s .  
Varying water l e v e l  i n  the humidifier tank w a s  causing 
the dew point  temperature out  of the humidifier tank t o  
varv. An automatic water leve l  control  w a s  added t o  the 
d i s t i l l e d  water feed c i r c u i t .  
G a s  i n l e t  l i n e s  t o  the cathode and gas sample l i n e s  t o  
L L  ~~~~ - dew cell c;~m~er "ZT? 
the  c e l l  operating temperature. Controlled heater  tapes 
and insu la t ion  were added t o  l i n e s  where required. 
ydnning 2% teqeratures belsLr 
D i f f i c u l t i e s  i n  sampling cathode and anode gases below 
atmospheric pressure were encountered w i t h  the  oxygen 
analyzer, wet t e s t  meter, and CO analyzer. The anode 
w a s  replumbed t o  operate a t  ambient pressure and a 
vacuum pump was  i n s t a l l e d  t o  draw gas samples from the 
cathode chamber. 
2 
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8 .  E r r a t i c  readings of dew point temperatures were obtained 
from the "Dew Cell" sampling element. The element was 
removed from the r i g ,  and tes ted and cal ibrated over the  
expected operating range. 
Numerous other minor changes and modifications were made t o  improve the 
performance of the t e s t  r i g  and recording instrumentation. 
7 
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3.0 SMALL CELL TE$TING 
Based on the materials screening program reported i n  Interim Report No. 1, 
a gold plated magnesium c e l l  w a s  selected f o r  f u r t h e r  evaluation i n  the  
s m a l l  c e l l  tes t  program. 
3.1 Cell  Description 
t 
The gold plated magnesium c e l l  end p la tes  a r e  shown i n  Figure 3-1. S l igh t  
discolorat ions on the land areas  a r e  due t o  operation i n  the water bath 
during t e s t s  M - 1  and M-2. This c e l l  contains i n  the end p l a t e s  an i n t e g r a l  
p in  and b a f f l e  s t ruc ture .  Design charac te r i s t ics  of the pins  a r e  similar 
t o  the  large c e l l  units. The a c t i v e  electrode area contained by these c e l l s  
i s  0.0775 f t  . 2 
A compilation of the mater ia ls  used i n  the c e l l  i s  given i n  Table 3-1. 
TABLE 3-1 
GOLD PLATED MAGNESIUM ACID C E L L  MATERIALS 
Component 
k d  P l a t e s  
Electrode s 
Elec t ro ly te  Matrix 
Mater ia l  
AZ3lB Type 2 
Magnesium P l a t e  
American Cyanamid 
Type - A A 1  
Matted Structure 
Gold P la te  as follows: 
a)  Zinc immersion (molecular) 
b )  0 . 1  t o  0.3 m i l  copper 
c )  1 .5  m i l  n icke l  
d j  1. j m i i  e i e c t r o i y t i c  goici 
e )  0.5 m i l  e l e c t r o l e s s  gold 
Tantalum screen with 9 
mgm/cm2 of platinum 
Whatman GFB glass  f i b e r  
f i l t e r  paper - (20 m i l s  
th ick)  
Gasket Viton 
TR W E~UIPMENT LABORATORIES 
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3.2 Test No. M - 1  
Figure 3-2 shows the polar izat ion time dependence obtained during the f i rs t  
experimental run with the gold plated magnesium c e l l .  
load f o r  the t e s t  c e l l  w a s  approximately 58 hours. 
as indicated by the discontinuity,  occurred a t  the  end of six hours when 
the constant current power supply fa i led .  The c e l l  w a s  returned t o  load 
with a new power supply and continued operation for another 52 hours. The 
t e s t  w a s  terminated due t o  an i n t e r n a l  gas leak caused by improper seat ing 
of an e lectrode resu l t ing  i n  matrix damage. Over the  last 27 hours of the  
t e s t  t h e  average r a t e  of voltage increase w a s  approximately 0.75 mv/hr, w i t h  
the rate decreasing t o  0.62 mv/hr over the last eight  hours. 
be seen t h a t  the r a t e  of increase i n  voltage was s t i l l  decreasing with time. 
A pos t - tes t  c e l l  inspection revealed no corrosion of the end p l a t e s .  
The t o t a l  time a t  
A break i n  performance, 
It  can thus 
3.3 Test No. M-2 
Using new electrodes,  the c e l l  was  reassembled i n  preparation f o r  a repeat 
of the previous t e s t  f o r  a longer time period. 
were i d e n t i c a l  t o  those of t e s t  run No. M-1 .  The polar iza t ion  t i m e  dependence 
f o r  the run i s  p lo t ted  i n  Figure 3-3. 
I n i t i a l  operating conditions 
I n i t i a l  c e l l  voltage w a s  0.932 v o l t s ,  r i s i n g  t o  1.100 v o l t s  a f t e r  three 
hours of operation. 
c e l l  terminal  voltage w a s  1.186 vol t s .  
the  average r a t e  of voltage increase was 1.78 mv/hr. 
w a s  removed from the cathode feed t o  see i f  the CO a c t u a l l y  was contributing 
t o  the c e l l  degradation. Oxygen was used as the cathode feed f o r  the balance 
of the  t e s t .  
A t  the end o f  twenty-six (26) hours of operation, the  
Over the  last  four and one-half hours, 
A t  t h i s  time, the C02 
2 
After  swit.ching t o  O2 feed, the i n i t i a l  c e l l  terminal voltage w a s  1.058 v o l t s  
increasing rapidly (30 minutes) t o  1.085 vol t s ,  then following a rate of 
increase close t o  the r a t e  observed before the CO was  removed from the 
cathode feed. I n  addition t o  the periods of increasing c e l l  voltage, periods 
of s t a b l e  c e l l  voltage and decreasing c e l l  voltage were noted. 
s ix ty- f ive  hour period from 77 hours a t  load t o  142 hours a t  load, the 
average rate of voltage increase was 0.15 mv/hr, while from t h a t  point  t o  
2 
During the 
10 
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the end of the  t e s t  the terminal voltage decreased. The t e s t  w a s  terminated 
when some type of intermit tent  short  between the c e l l  p l a t e s  occurred. This 
short  w a s  believed t o  be due t o  contamination i n  the c e l l  constant temperature 
water bath.  
C e l l  disassembly revealed a pinkish-red coloration on the  cathode s ide of 
the matrix corresponding t o  the pin area. 
colorat ion on the pin contact s ide.  No v i s i b l e  corrosion of the end p l a t e s  
w a s  noted. By spectographic analyses, the impurit ies on the  electrodes and 
The cathode had a pinkish-red 
matrix were determined. The r e s u l t s  o f  these analyses are presented 
Table 3-2. 
TABLE 3-2 
SPECTOGRAPHIC ANALYSES OF ELECTRODES AND MATRIX 
Samples Examined 
Elements Matrix Matrix 
Detected i n  % Cathode Side Anode Side Cathode 
Au AO. 10 ND 0.8 t o  1.0 
N i  0.01 0.01 0.01 t o  0.10 
cu 40.01 40.01 0.01 t o  0.10 
zn l.Q t o  3.0 1.0 t o  4.0 ND 
Mg 0.2 t o  0.6 0.2 t o  0.6 0.10 t o  1.0 
?E = !:?Sot Detectec? 
A = Approximate 
Resul ts  of the analyses indicate  tha t  the  gold source 
Anode 
ND 
0.01 t o  0.10 
0.01 t o  0.10 
ND 
0.10 t o  1.0 
is  the cathode 
i n  
Unused Matrix 
ND 
ND 
0.01 
2.0 t o  5.0 
0.005 t o  0.05 
end 
p l a t e .  Gross corrosion products a r e  n o t  apparent. The magnesium detected 
may i n d i c a t e  a s m a l l  crack i n  the plat ing,  possibly i n  one of the gas por t s  
which w a s  somewhat scratched i n  the removal of a damaged p l a s t i c  f i t t i n g .  
It has been established t h a t  the Whatman GFB g lass  f i b e r  paper used as the 
matrix w i l l  d i s in tegra te  with t i m e  when immersed i n  30% sulphuric acid.  
Using a g lass  f i b e r  matrix material with 5N H SO 
tes t  on a f u e l  c e l l  was  conducted by American Cyanamid Company. Stable  opera- 
t i o n  over a period of 1100 hours w a s  observed, indicat ing t h a t  the  g lass  f i b e r  
matrix does not cause c e l l  performance degradation. 
a t  7OoC, a single  c e l l  l i f e  2 4  
1.3 
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It i s  f e l t  t h a t  the voltage increase with t i m e  noted i n  the s m a l l  acid c e l l  
t e s t i n g  program i s  due t o  the use of the tantalum screen electrodes.  
t o  the p l a s t i c  c e l l  r e s u l t s  reported i n  Interim Report No. 1 and t e s t s  M - 1  
and M-2, the voltage increase obtained between one and e ight  hours a t  load 
i s  as follows: 
Referring I l 
Test 
P l a s t i c  C e l l  
-
M-1 
M-2 
A E  ( f o r  7 hours1 
90 mv 
75 mv 
82 mv (with O2 flow 
only) 
It i s  seen that  the same general  increase i s  noted i n  each test, the common 
feature  of each t e s t  was the type of electrode used, and the matrix material. 
Progressive oxidation of the tantalum screen appears t o  be a l o g i c a l  cause 
of the c e l l  voltage increase with t i m e .  
3.4 Test i n  Progress 
Additional t e s t i n g  using the gold plated magnesium c e l l  i s  now being con- 
ducted. The s tar t -up 
c h a r a c t e r i s t i c  w a s  similar t o  previous tes t  runs. Complete tes t  r e s u l t s  
a r e  not avai lable  a t  t h i s  writ ing,  but preliminary analysis  indicates  a 
t e n i n z l  rste sf y~ltz .ge i nc rease of approximat~ly  0.025 mv,/hr. 
The cathode feed i s  the 80% COP - 20% O2 mixture. 
14 
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4.0 LARGE CELL PARAMETRIC TESTING 
4 .1  Stage 1 
The Stage I c e l l  had t o  be assembled twice before a s a t i s f a c t o r y  s e a l  w a s  
achieved both external ly  and in te rna l ly .  
a s e t  pa t te rn ,  the c e l l  i s  checked f o r  ex te rna l  leaks with the c e l l  d ry  
in te rna l ly .  If s e a l  i s  sa t i s fac tory ,  the  e l e c t r o l y t e  charging procedure 
i s  i n i t i a t e d .  The e n t i r e  c e l l  cavi ty  i s  put under a vacuum and then 
e l e c t r o l y t e  i s  allowed t o  completely f i l l  the void. Excess e l e c t r o l y t e  i s  
then drained from the  c e l l ,  leaving only t h a t  e lec t ro ly te  which wets the 
matrix. G a s  pressure i s  then applied t o  one gas cavi ty  with the  other  
cavi ty  being open t o  the atmosphere. 
second assembly, successfully withstood a 16 p s i  pressure d i f f e r e n t i a l  from 
anode t o  cathode cavity.  
After  a l l  b o l t s  a r e  torqued i n  
The f u l l y  charged matrix, a f t e r  the 
The f u l l y  charged c e l l  was  i n s t a l l e d  i n  the module rack and i n s t a l l e d  i n  
the t e s t  stand. A check of a i r  flow through the system and the Stage I 
cathode chamber w a s  made. Pressure drops across the cathode c e l l  f i e l d  
and across  the e n t i r e  cathode chamber (including i n l e t  and o u t l e t  p o r t s )  
checked w i t h  the  calculated design values. 
Figures 4-1 and 4-2 show the c e l l  completely instrumented and i n s t a l l e d  i n  
the t e s t  r i g .  
Several  e a r l y  t e s t  runs were terminated due t o  d i f f i c u l t i e s  w i t h  the  t e s t  r i g .  
The d i f f i c u l t i e s  and the correct ive action were discussed i n  Section 2.0. 
Normal t e s t  procedure followed during parametric t e s t i n g  w a s  as follows: 
1. With c e l l  i so la ted  from r e s t  of system, heat the c e l l  and 
humidifier t o  desired operating temperature. 
2. Establ ish gas flow through humidifier while bypassing c e l l  
cathode chamber. 
i 
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3. Establ ish proper gas composition. 
4. Switch gas flow through the cathode chamber. 
5. Turn on c e l l  power. 
6. Periodical ly  determine gas composition of cathode i n l e t  
gas, cathode o u t l e t  gas, and anode gas measure anode gas 
flow r a t e .  
7. Maintain operation f o r  a four-hour period, 
8. Cut off c e l l  power. 
9. Stop cathode gas f low.  
10. I s o l a t e  c e l l  cavi ty  from r e s t  of system t o  maintain proper 
c e l l  water balance. 
11. Repeat procedure f o r  each desired c e l l  operating point .  
The d i r e c t  current power supply used was not a constant current  device, 
therefore  some of the var ia t ions  i n  c e l l  performance weredue t o  var ia t ions  
i n  the c e l l  power applied. 
4 .1 .1  Current Density Effects  
Figure 4-3 presents the e f f e c t  of c e l l  current densi ty  on c e l l  performance 
f o r  t h r e e  c e l l  operating temperatures. The current, given i n  amperes, i s  
the same value as the current densi ty  i n  amps/ft , since the c e l l  ac t ive  
electrode area i s  one square foot .  
point  w a s  maintained f o r  a shor t  period (10 minutes) because of the high 
voltage.  A l l  the data points  used are  f o r  a cathode gas flow r a t e  based on 
twice t h e  stoichiometric CO requirement a t  a given c e l l  operating current .  
I t  a l s o  should be noted t h a t  the e lec t ro ly te  concentration w a s  not i d e n t i c a l  
f o r  a l l  runs due t o  the var ia t ions  i n  make-up from batch t o  batch. 
2 
A t  a c e l l  temperature of 90°F the  30 ampere 
2 
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4.1.2 Cel l  TemDerature Effect  
Figure 4-4 i s  a cross-plot obtained from Figure 4-3, showing the  strong 
e f f e c t  c e l l  temperature has on c e l l  current densi ty  f o r  a given voltage. 
Similar curves f o r  the voltage as a function of c e l l  temperature a t  a 
constant current can be drawn using the d a t a  from Figure 4-3. 
4.1.3 Cathode Gas Flow Rate E f f e c t s  
The cathode gas flow was normally maintained a t  twice stoichiometric CO with 
one run a t  a 5 x S flow. There were however two runs made a t  a cathode 
2 
co, 
2 flow of 1 x s , made when t h e  c e l l  current w a s  increased from 15 amps con 
t o  30 amps pr iord to  increasing the cathode gas flow t o  match the  higher 
current .  
w a s  p lo t ted  t o  show the e f f e c t  of the  stoichiometric flow r a t i o  on c e l l  
voltage and per cent of CO i n  the anode gas output. A t  the very low r a t i o s ,  2 
c e l l  e l e c t r i c a l  performance improves a t  the expense of the  per cent CO 
t ransfer red  across the c e l l .  The change i n  c e l l  voltage a t  the low flow 
r a t i o  may be due t o  a change i n  e lec t ro ly te  composition as the average CO 
p a r t i a l  pressure i n  the cathode cavity fa l l s  below a c e r t a i n  c r i t i c a l  value 
as C02 i s  scrubbed from the a i r  by the e lec t ro ly te .  
Using the data obtained a t  these addi t iona l  flow r a t i o s ,  Figure 4-5 
2 
2 
4.1.4 Carbon Dioxide Transfer 
The p r c . _ p ~ ? +  of PO i n  the anode gas  and the CO, t r a n s f e r  r a t e  as a function 
of c e l l  current densi ty  a r e  given i n  Figure 4-6 f o r  the  three c e l l  temperatures. 
The apparent increase of the CO 
15 and 30 ASF a t  140°F i s  not s t a t i s t i c a l l y  s ign i f icant .  The observed COP 
t r a n s f e r  r a t e  a t  30 ASF has a deviation from the  ar i thmetic  mean which w a s  
twice as great  as a l l  other  observations i n  t h i s  t e s t  s e r i e s .  However it 
should be noted t h a t  the e f f e c t  of increasing t h e  current densi ty  a t  a l l  
temperatures w a s  t o  s ign i f icant ly  depress the CO 
- - 2  --- c 
t ransfer  r a t e  with current density between 3 
t r a n s f e r  rate. 2 
4.1.5 Polar izat ion Time Dependence 
Figures 4-7 through 4-15 give the polar izat ion time dependence f o r  the required 
tes t  conditions.  
Where no comments f o r  a run are  given, no fur ther  data, other than t h a t  on 
Comments concerning some of the runs are  given below. 
20 
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the  graph, i s  readi ly  avai lable  t o  explain odd shapes i n  the polar iza t ion  
curves. A s  s ta ted,  the c e l l  current i n  amperes i s  equivalent t o  the  c e l l  
current densi ty  i n  amps/ft . 2 
1. Figure 4-7. This was  the f i r s t  operating condition a f t e r  
the t e s t  r i g  modifications were completed. An overnight 
run w a s  completed t o  check the r i g  f o r  proper operation, 
resu l t ing  i n  a test  run j u s t  short  of 24 hours i n  duration. 
2. Figure 4-8. 
minutes t o  br ing the  current  c loser  t o  the 30 ampere 
nominal operating point.  
The c e l l  current w a s  decreased a t  t = 206 
3. Figure 4-11. A s  indicated on the  graph, adjustments i n  t h e  
cathode gas flow were made ear ly  i n  the  run a f t e r  the power 
t o  the c e l l  had been turned on. The steady r i s e  i n  c e l l  
voltage i s  due t o  the  steady increase i n  the c e l l  current 
density.  A t  t = 200 minutes the  power re lay  control l ing 
the humidifier heater stuck in the  on posi t ion.  A rapid 
increase i n  the c e l l  temperature and i n l e t  gas dew point  
temperature caused a rapid decrease i n  c e l l  voltage and 
increase i n  c e l l  current.  The high dew point  of the i n -  
coming gas (200'F) then rapidly flooded the  c e l l  causing 
complete de te r iora t ion  i n  c e l l  performance. 
4. Figure 4-12. The large voltage f luc tua t ions  a r e  due primarily 
t o  the  wide c e l l  temperature changes. Control of the c e l l  
temperature became d i f f i c u l t  a t  the high power input l e v e l  
a t  t h i s  low operating temperature (115 F ) .  
of the run, the c e l l  s tab i l ized  as b e t t e r  temperature control  
of the c e l l  w a s  achieved. 
0 Nearing the end 
5. Figure 4-14. After twelve minutes of operation, c e l l  current 
w a s  decreased from 30 amps t o  2 1  amps without change i n  gas 
flow. Fluctuating c e l l  temperature and i n l e t  gas dew point  
temperature caused e r r a t i c  operation. A t  t = 184 minutes, 
24 
r,mv EQUIPMENT LABORATORIES 
SdWV - l N 3 d N l 3  1133 
0 0 0 0  
r ; . d u i i  
c c c c  
h( c 0 a a3 I\ 9 v) d l-9 - c c 0 0 0 0 0 0 0 
SllOA - 3 3 V l l O A  1133 
25 
TRW EQUIPMENT LABORATORIES 
SdWV - lN3tlWI3 1133 
0 0 0 0  
* m o l -  
m m m m  
. . . .  
u. 
M 
00 
I 
t -
0 
a 
c 
< 
0" 
U 
(v 
Y 0 
00 
ol 
0 * 
(v 
0 
0 
hl 
0 
d 
c 
0 
hl 
c 
0 
a3 
0 * 
0 
O 
m 
n 
U . 
8" * 
If 
I- 
w 
c 
. 
U 
Z 
a 
Z 
n 
r 
Z 
0 
w 
W a 
W 
w 
- 
I- 
- 
2 
4 
N - 
tx 
0 
n- 
I 
-J 
G 
Q, 
- 
W 
(3 
v) 
co 
I 
-4. 
W 
& 
3 
c) - 
L L  
r- 
c 
0 - 0. co 0 0 
SllOA - 3 3 V l l O A  1133 
26 
TR W EQUIPMENT LABORATORIES 
LL 
0 m 
m 
I 
t- 
c 
Z s 
n 
' w  G W J  
? 4 2  I c 
m 
c 
h( 
c 
c 
c 
SdWV - lN3NJn3 1133 
0 0 0 0 0  a i * * *  G - 4 4  
0 a 
N 
3 
h( 
0 
0 m 
0 a - 
0 m - 
0 a 
0 
d 
0 
0 
c 
In 
9 
t l  
w 
LL 
d 
I t  
I- 
w 
. 
8 - 
. 
V z 
n z 
n 
w 
w 
a 
W 
5 -
t- 
z 
0 - 
2 
4 
N - 
0 
a 
I 
-.I 
J 
Lu 
U 
o 
- 
W 
2 
v, 
0. 
I 
d 
W " 
3 
(3 - 
LL 
0. 
0 
a 
0 
S l l O A  - 3 3 V l l O A  1133 
TRW EQUIPMENT LABORATORIES 
0" 
Y.4 
U Y  
SdWV - lNlllbln3 1133 
(v 
C 
0 0. a, 
0 0 
c 
c c 
S l l O A  ' 3 3 V l l O A  1133 
0 
03 
(v 
0 * 
(v 
8 
(v 
0 
9 
c 
0 
(v 
c 
0 
a3 
3 
0 
TRW EQUIPMENT LABORATORIES 
SdWV - lN3tltlfl3 1133 
0 0 0 0 0  
m m m m m  
4 m ' n ; c ' O  
-0 
c c 
c 7  
I- 
Z 
c 0 
c 
SllOA - 3f )Vl lOA 1133 
39 
TRW EQUIPMENT LABORATORIES 
U 
9 
c 
SdWV - lN3Wl3 1113 
0 0 0 0 0  . . . .  
i 3 3 a q  
I - 1 - 1  
li 
N 
c 
c 
0 
a3 
hl 
0 * 
hl 
8 :  
- I -  
3 
Z 
E 
0 0  " $  
2 
- 
I 
-1 
w 
E 
O F  
2 
0 co 
0 * 
0 
SllOA - 3E)VllOA 1133 
mbv EQUIPMENT LABORATORIES 
I 
SdWV - lN3Wfl3 1133 
0 0 0  . . .  
2 2 2  
c 0 0. - 0 c 
SllOA - 3 9 V l l O A  1133 
p' 
0 
9! 
0 
i 
TR W EQUIPMENT LABORATORIES 
SdWV - lN4blW3 1143 
0 0 0 0 0 0 0  +iCiiaiz 
r- 
I 
- 
c 
c 
? u) w c) 
c - c c 
SllO A '3 3 VllO A 11 33 
32 
TRW EQUIPMENT LABORATORIES 
the  cathode gas flow w a s  adjusted t o  2 x S f o r  the  20 amp 
operating l eve l .  Stable  performance w a s  achieved as proper 
humidifier and c e l l  temperatures were establ ished.  
c02 
6. Figure 4-15. This run was a t  t he  5 x S flow r a t i o .  Again 
it i s  seen t h a t  the c e l l  temperature (136 - 143OF) and i n l e t  
gas dew poin t  temperature (131.5 - 134.5OF) varied over a 
considerable range contributing t o  var iab le  c e l l  performance. 
The c e l l  cur ren t  w a s  adjusted a t  t = 212 minutes and t = 237 
minutes. 
4.2 Stage I1 
The assembly of the Stage I1 c e l l  w a s  more complex than the  Stage I c e l l  
due t o  the  recessed l i qu id  cavi ty  and gas d i f fus ion  p l a t e .  
s e a l  w a s  es tabl ished between the recessed cavi ty  and the  gas d i f fus ion  
p l a t e  while maintaining e l e c t r i c a l  continuity.  
e r r o r s  i n  measuring the c e l l  po ten t ia l ,  a wire w a s  at tached d i r e c t l y  t o  the  
gas d i f fus ion  p l a t e  and passed out of the  c e l l  through one of the  gas 
manifold ou t l e t s .  Use of t h i s  wire by-passed the problems associated with 
connecting d i r e c t l y  t o  the  cathode end p l a t e .  The o ther  lead f o r  p o t e n t i a l  
measurement w a s  at tached d i r e c t l y  t o  the anode end p l a t e  s ince t h i s  end 
p l a t e  contacts  the anode d i r e c t l y .  
A gas- t igh t  
To eliminate unnecessary 
Figures 4-16 and 4-17 show the Stage I1 c e l l  components during assembly. 
Note the  f ibe rg la s s  s t r i p  i n s e r t s  i n  the p in  s t ruc tu re  of the  gas d i f fus ion  
p l a t e .  This provides the  gas flow pa t te rn  through the  cathode chamber. A 
tantalum screen i s  attached t o  the cathode end p l a t e  and another t o  one s ide  
of t h e  gas d i f fus ion  p l a t e .  
used t o  s e a l  o f f  the l iqu id  reservoir .  The platinum cathode i s  at tached 
d i r e c t l y  t o  the  other  s ide  of the  gas d i f fus ion  p l a t e .  
These screens w i l l  contain the  asbestos matrix 
E lec t ro ly t e  charging of the c e l l  w a s  the same as with Stage I. The c e l l  w a s  
checked f o r  i n t e r n a l  sea l ing  from cathode chamber t o  anode chamber and from 
cathode t o  l i qu id  reservoi r  chamber. Upon establishment of a proper s e a l  
the c e l l  w a s  i n s t a l l e d  i n  the module and the t e s t  r i g .  
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A t  t h i s  writ ing,  the Stage I1 c e l l  i s  being t e s t e d  a t  176OF and l22'F a t  
current d e n s i t i e s  of 15, 30, and 45 ASF. 
s a t i s f a c t o r y  operation. 
Preliminary r e s u l t s  ind ica te  
4.3 Stage 111. 
Major components f o r  a Stage I11 acid c e l l  are shown i n  Figure 4-18. The 
a c t u a l  configuration of the pin s t ruc ture  i s  i d e n t i c a l  t o  Stage I1 except 
for the  inclusion of the gold current  co l lec tors .  
now i n  progress. 
Assembly of the  c e l l  i s  
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5.0 OBJECTIVES 
During the f i n a l  reporting period, it is ant ic ipated t h a t  the following 
object ives  w i l l  be at ta ined:  
1. 
2 .  
Additional small acid c e l l  t e s t s  w i l l  be completed. 
Parametric t e s t s  on a l l  three large c e l l  stages w i l l  be 
completed. 
A thermal balance study on the three  stages w i l l  be 
completed. 
A l i f e  t e s t  of two c e l l s  f o r  each of the three stages 
w i l l  be completed. 
3. 
4. 
5. The f i n a l  technical  report  w i l l  be submitted t o  NASA. 
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6.0 CONCLUSIONS 
Based on t e s t  data obtained t o  da te  the following conclusions were made: 
1. Performance of the Stage I c e l l  meets or  exceeds performance 
predict ions based on p a s t  tests with TRW p l a s t i c  laboratory 
c e l l s .  
2. Wide var ia t ions  i n  Stage I c e l l  operating conditions can be 
to le ra ted  without i r revers ib le  c e l l  performance degradation. 
3. Cathode gas flow r a t e  t o  t h e  Stage I cathode need not be 
grea te r  than 2 x S f o r  sa t i s fac tory  performance. 
Operation of the  Stage I c e l l  a t  elevated temperatures i s  
feas ib le .  
c02 
4. 
5 .  Operation of the  Stage I c e l l  i s  f e a s i b l e  a t  current 
d e n s i t i e s  exceeding 45 ASF. 
temperatures (14OoF and above) has not been determined. 
The upper l i m i t  a t  elevated 
6. Non-porous-gold plated components w i l l  be s a t i s f a c t o r y  f o r  
Stage I11 c e l l  parametric tes t ing .  
7. The gold p l a t i n g  i s  not  the  cause of the s l i g h t  increase of 
-a l tage ?..rFtkl t.im_e i n  the small acid c e l l  t e s t s .  The tan- 
talum screen electrode appears t o  be the basic  problem. 
8.  Based on preliminary r e s u l t s  of t e s t  M-3, long term operation 
of a Stage I11 acid c e l l  i s  feas ib le .  
9. Additional de ta i led  materials studes for acid s tage f l i g h t  
configuration c e l l s  a r e  required. These s tudies  are required 
f o r  three components: 
a. Electrolyte  matrix 
b. Electrode base screen material  
c. Low cost,  low weight, acid r e s i s t a n t  c e l l  end p l a t e .  
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